NRL  Memorandum  Report  3571 


High  Sensitivity  ChaH  Measurement  System 


Armondo  D.  Elia 


Advanced  Techniques  Branch 
Tactical  Electronic  Warfare  Division 


October  1977 


NAVAL  RESEARCH  LABORATORY 
WMhington,  D.C. 


Approved  lor  public  releuve:  distribution  unlimited. 


tl 


(j^HKL-MT~3S'n^ 


SCCuMlTV  CLASSt^lCATiQM  T’hiS  PACC  rt»Ti«n  Omf 


REPORT  DOCUMENTATION  PAGE 


t nc»oiir  NuM«Cn 


i2.  COVT  ACCESSION  NO. 


NRL  Metoonndum  Report  3571 


HIGH  SENSITIVITY  JCHAFF JdEASUREMENT SYSTEM^ 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


cipiEnt*s  catalog  numbcn 


NONT  A pcmoo  COVCREO 

an  NRL  probiem. 


S.  eCNrONMINC  ONG.  NEPONT  MUMeCe 


/Uf=3‘^3'?:^ 


• PCNFOnMING  OttCANIZATION  NAME  AND  AOONCSI 


Naval  Research  Laboratory 
Washington,  D.C.  20375 


16  OlSTttiauTlON  STATEMENT  (of  thi»  R0p9ft) 


Approved  for  public  release;  distribution  unlimited. 


IBlDilJ 


JAN  19  1978 


17.  OlSTRieuTiON  statement  (of  fh«  AA«(f«ef  In  Black  70,  It  (tltlfont  trom  Bapart) 


19.  KEY  WONOS  (Conflnu*  on  r«v«r««  clda  If  nacacamr  and  tdimtlfr  kr  ktack  numbaf) 

Chaff 

Chaff  RCS  measurement 


0 AOe^ACT  (Continue  an  raverea  elda  If  nacecearr  nnd  Idantlfp  kr  6ioe|r  numke*) 

A system  is  described  which  measured  the  ^dar  Cross  lotion  of  very  small  chaff  elements. 

The  system  consists  of  an  anechoic  chamber,  trans^  and  receive  circuitry  with  associated  antennas, 
and  a special  circuit  used  to  reduce  systenT'^oise.  The  system  and  measurement  procedure  is 
described  and  some  typical  measurements  are  shown.  Alternate  uses  for  the  system  are  also  described. 


1473  edition  OV  I NOV  *S  IS  OeSOLETE 
s N oioz-ou- stai 


SECURITY  CLASSIVICATI 


c^'3.9'S~r:^ 


or  This  n 


AQE  0«f« 


CONTENTS 


INTRODUCTION 


CHAFF  MEASUREMENTS 


MECHANICAL  SYSTEM 


MEASUREMENT  PROCEDURE 


CONCLUSIONS 


ACKNOWLEDGEMENTS 


«ftr.BSI0N  fw 

HTIS 

DDC 

I UNANNOUNCED 
JUSTl  ICATION 


V^hi'e  Section  m 
Bjff  Section  □ 


HIGH  SENSITIVITY  CHAFF  MEASUREMENT  SYSTEM 


INTRODUCTION 

Chaff  is  an  Indlspenslble  electronic  countermeasures  technique 
employed  for  the  protection  of  Navy  aircraft  and  ships  from  the  attack 
of  enemy  weapons.  The  chaff  elements,  usually  foil  or  metal-coated 
fiber  dipoles  cut  for  specific  frequencies,  are  packaged  In  containers 
that  are  deployed  from  a ship  or  aircraft  under  attack.  The  canister 
dispenses  the  chaff  elements  In  such  a way  as  to  form  a reflective 
cloud  of  sufficient  radar  cross-section  to  deceive  the  enemy  weapon 
system  Into  tracking  the  chaff  cloud  or  to  produce  enough  error  In  the 
guidance  system  so  that  the  weapon  misses  the  target. 

The  ever  Increasing  number  of  enemy  weapon  systems  at  different 
frequencies  within  the  RF  spectrum  as  well  as  the  large  RF  cross- 
sections  that  have  to  be  protected  dictate  that  a large  number  of  chaff 
elements  for  many  frequencies  have  to  be  packaged  Into  each  chaff 
canister.  This  requirement  for  a large  number  of  elements  means  that 
the  chaff  has  to  be  very  thin  and  lightweight.  The  primary  technology 
, used  In  U.S.  systems  Is  chaff  formed  by  placing  a very  thin  layer  of 

aluminum  on  a fiberglass  substrate  drawn  to  roughly  .001  Inch  (.025mm). 

It  has  been  observed  that  the  quality  of  the  coating  and  hence  the 
i performance  of  the  chaff  varies  considerably  from  manufacturer  to  manu- 

facturer. In  addition  research  Is  continuing  In  the  chaff  Industry  to 
develop  even  finer  glass  fibers  and  to  apply  coatings  other  than 
aluminum.  To  evaluate  these  new  glass  elements  as  well  as  others  of 
more  unconventional  shape  NRL  required  a measurement  facility  which 
could  quickly  and  Inexpensively  determine  the  properties  of  Individual 
chaff  elements.  The  development  and  use  of  such  a system  capable  of 
direct  measurement  of  the  backscatterlng  from  extremely  small  RF 
reflectors  Is  the  subject  of  this  report. 

CHAFF  MEASUREMENTS 

A chaff  measurement  system  was  designed  and  built  for  the  purpose 
of  measuring  the  radar  cross-section  (RCS)  of  very  small  RF  reflectors 
across  I and  J band.  The  system  consists  of  an  anecholc  chamber, 

transmit  and  receive  circuitry  with  associated  antennas,  and  a special  i' 

circuit  which  Is  used  to  reduce  the  effect  of  mutual  coupling  between  i 

transmit  and  receive  antennas  as  well  as  signals  that  reflect  Into  the 
receive  antenna  from  within  the  test  chamber.  The  design  of  the  system 
. Is  such  that  with  simple  modifications  the  measurement  system  can  be 

extended  In  frequency. 


* Note:  Manuacript  submitted  October  17,  1977. 


ELECTRICAL  SYSTEM 


Figure  1 shows  the  circuit  diagram  of  the  chaff  measurement 
system  while  Table  1 lists  the  equipment  used.  A CW  signal  is  I 

amplified  by  a 1 watt  TWT  and  transmitted  towards  the  target  by  the 

first  antenna.  After  the  other  antenna  receives  the  reflected  signal  j 

it  is  transferred  by  a transmission  line  to  the  3 dB  hybrid.  From  the  ' 

hybrid,  the  signal  goes  to  the  receiver  for  detection  and  processing.  ' 

Before  a chaff  element  is  placed  into  the  test  chamber  for  measurement, 
the  mutual  coupling  between  antennas  as  well  as  the  reflections  into 

the  receive  antenna  from  within  the  test  chamber  are  nulled  at  the  ' ! i 

hybrid  for  each  frequency.  Balancing  the  system  is  crucial  in  main-  ; j 

taining  the  high  sensitivity  of  the  measurement  system  as  the  mutual  ' j 

coupling  and  chamber  backscatter  may  be  as  much  as  40  dB  greater  than  j \ 

the  target  signal.  | 

Nulling  is  accomplished  simply  and  directly  by  amplitude  and 
phase  adjustment  of  a coupled  portion  of  the  transmitted  signal  to  ’ 

exactly  cancel  the  unwanted  power  present  in  the  signal  line.  The 
cancellation  power  and  the  unwanted  signal  are  summed  in  a hybrid 
just  before  the  RF  receiver  terminals.  At  each  measurement  frequency 
this  procedure  is  repeated  before  the  desired  samples  are  run  through 
the  chamber. 

The  minimum  RCS  measurable  with  this  system  is  determined  by  the 
effective  radiated  power  (ERP) , free  space  transmission  loss,  phase  'i 

and  amplitude  stability  of  the  balancing  network,  and  the  minimum  I 

detectable  received  signal.  The  ERP  is  a function  of  the  transmitter  j 

power,  antenna  gain  and  transmission  line  loss.  Typical  parameters  ii 

are  1 watt  of  transmitter  power,  15  dB  antenna  gain,  and  4 dB  trans-  ^ 

mission  line  loss.  The  free  space  transmission  loss  is  around  45  dB. 

The  phase  and  amplitude  stability  of  the  balancing  network  depends  ii 

upon  how  well  this  network  phase  and  amplitude  tracks  in  frequency  ' 

with  the  main  network  after  they  are  once  matched  with  the  variable  I 

phase  shifter  and  attenuator.  Their  ability  to  track  is  affected  by  j 

differential  line  lengths,  dissimilar  components,  mutual  coupling  j 

between  antennas,  and  the  distribution  of  surfaces  within  the  chamber  | 

that  reflect  energy  back  into  the  receive  antenna.  Therefore,  even 
though  the  transmission  line  lengths  can  be  balanced  between  the  two 

networks,  the  existence  of  the  latter  three  frequency-dependent  dis-  iv 

turbances  in  our  system  requires  a signal  generator  frequency  | 

stability  of  + 10  kHz  to  maintain  a background  "noise"  level  of  [' 

-70  dBm.  A frequency  change  of  + 100  kHz  increases  the  noise  level  | 

to  around  -50  dBm.  These  frequency  dependent  parameters  were  j 

empirically  determined.  The  following  calculation  will  give  some 

Indication  as  to  what  these  values  mean  in  terms  of  measurable  cross-  - 

section.  The  power  reflected  and  received  from  an  arbitrary  cross-  ! 

section  surface  is  given  by 
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2 2 

P » P G \ f 

where  for  our  case 

P^  = received  power,  mw 

P^  * transmitted  power  ■ 1 w (30  dBm) 

G = antenna  gain  « 31.6  (15  dB) 

A ■ wavelength  » 3.5  cm  (i.e.,  frequency  * 8.6  GHz) 

2 

9 = radar  cross-section  * 10.6  cm 
(0.87X  ^ for  a dipole) 

R * range  to  target  ■ 91.5  cm 

L = transmission  line  loss  * 2.51  (4  dB) 

Therefore, 

Pj.  (dB)  =-  30  + 30  + 20  Log  A + 10  Log  r - 30  Log  4 * 

-40  Log  R - 4 dBm 

* -33.8  dBm 

Using  a signal  to  noise  ratio  of  10  dB,  this  calculation  implies  that 
with  a generator  frequency  stability  of  10  KHz  signals  that  are  about 
25  dB  below  the  theoretical  peak  response  of  a chaff  dipole  cut  to 
resonate  at  8.6  GHz  are  measurable.  A similar  calculation  can  be  made 
for  reflectors  of  different  RCS. 

MECHANICAL  SYSTEM 

The  anechoic  chamber,  shown  in  Figures  2 and  3,  consists  of  a 
tapered  metal  enclosure  lined  with  RF  absorption  material  and  housing 
two  waveguide  transmission  lines  with  their  associated  antennas.  A 
mechanical  means  for  rotating  the  antenna  polarization  is  provided. 
Because  of  the  high  angles  of  incidence  that  exist  within  the  small 
chamber  between  the  transmitted  energy  and  the  absorption  material, 
absorption  fences  were  judiciously  placed  within  the  chamber  to 
minimize  the  amount  of  energy  reflected  back  into  the  receive  antenna. 
A mechanism  for  quickly  placing  the  chaff  elements  into  and  removing 
them  from  the  anechoic  chamber  was  also  designed  and  fabricated.  Two 
narrow  slots  were  cut  in  the  chamber  walls  and  the  upper  half  of  a 
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continuous  fiberglass  belt  passed  through  them.  Two  external  pulleys, 
one  with  a handle,  drive  the  belt,  and  an  idler  arm  is  used  for  adjust-  ‘ 

ing  the  tension  of  the  belt.  The  elements  to  be  tested  are  mounted  on 
small  foam  blocks,  one  end  of  which  is  secured  in  a plastic  clip  that 
is  glued  to  the  fiberglass  belt.  The  chamber  was  deliberately  tapered 
to  allow  more  chaff  elements  to  be  placed  on  a given  size  belt.  This 
type  of  construction  permits  the  use  of  a modest  length  belt  for  pro- 
cessing 15-20  chaff  elements.  A normal  run  covering  7-10  GHz  takes 
about  two  hours.  If  a large  number  of  elements  need  not  be  tested  at  a 

given  time,  then  a rectangular  chamber  would  be  more  desirable  since  it 

would  decrease  the  angle  of  Incidence  between  the  transmitted  signal 
and  the  absorption  material. 

The  construction  of  the  supports  for  the  chaff  elements  is  a 
very  critical  part  of  the  test  set  up.  The  supports  are  made  from  a low 

density  foam,  cut  about  0.6  cm  (0.25")  thick  so  that  they  are  not 

detectable  by  the  measurement  system  even  after  the  "noise"  cancelling 
process.  This  permits  a less  critical  alignment  of  the  supports.  Care 
must  also  be  taken  in  mounting  the  chaff  elements  onto  the  foam  supports 
A variety  of  substances  such  as  clear  adhesive  tape,  thin  coatings  of 
wax,  and  the  like  were  tried  to  fasten  the  chaff  element  to  the  foam; 
all  seemed  to  affect  the  RCS  vs  frequency  curves  of  the  various  chaff 
elements.  The  approach  which  finally  proved  to  be  satisfactory  was  to  < 

cut  a thin  pocket  into  the  foam  supports  to  hold  the  chaff  element 
with  no  additional  adhesives  required. 

MEASUREMENT  PROCEDURE 

The  measurement  procedure  consists  of  first  running  a blank  foam 
block  into  the  test  chamber  and  using  the  variable  phase  shifter  and 
attenuator  to  minimize  the  interference  caused  by  mutual  coupling  and 
reflections.  Next,  the  items  to  be  tested  and  a metal  calibration 
sphere  are  manually  moved,  one  at  a time,  into  the  measurement  zone  of 
the  test  chamber  and  the  amplitude  level  of  each  of  the  reflections 
recorded.  This  procedure  is  repeated  for  each  frequency.  The  true  RCS 
of  the  calibration  sphere  can  be  readily  computed^.  Thus,  with  the 
calculated  RCS  of  the  calibration  sphere  and  the  measured  difference  in 
reflected  energy  between  the  sphere  and  test  chaff  element  the  RCS  of 
that  element  can  be  accurately  determined. 

Figure  4 and  Table  II  depict  the  measured  RCS  of  a typical  chaff 
dipole,  1.68  cm  (0.66  in.)  in  length  and  0.025mm  (0.001  in.)  in  dia- 
meter, measured  from  7.2  to  10.0  GHz.  The  curve,  plotted  with  the  aid 
of  an  Hewlett-Packard  model  9830A  desk  calculator  and  a 9862A  plotter, 
shows  that  the  frequency  at  which  the  maximum  return  occurs  for  this 
piece  of  chaff  is  8.6  GHz,  and  the  3 dB  bandwidth  is  approximately 
1 GHz.  This  particular  RCS  profile  was  measured  with  the  antennas 
horizontally  polarized  and  the  chaff  elements  aligned  at  a zero  degree  , 
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rocaclon  angle,  but  testing  is  not  constrained  to  these  conditions 
since  polarization  or  rotation  angle  can  be  set  up  with  this  system. 
Figure  5 shows  the  response  of  a chaff  element  as  a function  of 
rotation  angle  at  8.6  GHz.  With  these  techniques  a reflecting  object 
can  be  fully  described  as  to  polarization  or  rotation  angle, 

CONCLUSIONS 

In  conclusion,  a very  sensitive  system  has  been  designed  and 
constructed  for  the  purpose  of  measuring  the  RCS  of  very  small  chaff 
elements.  This  system  has  aided  In  the  quantitative  analysis  of 
various  chaff  element  designs.  Even  though  the  measurements  are  made 
on  a single  frequency  basis,  many  chaff  elements  can  be  evaluated 
quickly  using  the  pulley  mechanism  designed  Into  the  system.  Although 
such  an  arrangement  was  sufficient  for  this  effort,  other  configura- 
tions of  this  system  can  be  envisioned. 

The  chaff  measurement  system  could  be  used  as  an  aid  In 
statistically  determining  the  effective  RCS  of  a chaff  cloud.  Since 
the  element  can  be  set  to  any  desired  angular  orientation  with  respect 
to  the  transmitter,  measurements  can  be  made  at  a number  of  orienta- 
tions, and  this  Information  could  be  used  In  a statistical  model  for  a 
free  falling  chaff  cloud. 

The  system  can  also  be  used,  with  slight  modifications,  to 
measure  the  absorptive  characteristics  of  a material.  One  of  the 
antennas  would  have  to  be  moved  to  the  other  end  of  the  chamber  so 
that  the  two  antennas  are  in  line,  with  the  sample  to  be  measured  In 
between. 


Finally,  for  large  volume  testing,  automatic  frequency  stepping 
and  data  collection  could  be  designed  Into  this  system.  One  method  for 
implementing  this  Is  shown  In  Figure  6.  The  microprocessor  Is  used  to 
set  the  frequency  of  the  signal  generator,  control  the  digital  phase 
shifter  and  attenuator  for  setting  the  calibration  null , and  for 
Instructing  the  receiver  when  to  take  a measurement.  The  micropro- 
cessor senses  the  coupled  voltage  from  the  hybrid  and  systematically 
changes  the  phase  shifter  and  attenuator  to  reduce  the  voltage  to  a 
predetermined  threshold  during  the  Initial  calibration  at  a given 
frequency.  After  the  measurement  is  taken,  the  frequency  Is  changed 
and  the  measurement  process  Is  repeated. 
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Pig.  1 — Schematic  diagram  cw  chaff 
measurement  system 


TABLE  1 


1.  Signal  Generator 

Hewlett  Packard  620B  (7-11  GHz) 

626A  (10-15.5  GHz) 

2.  Directional  Coupler 
Narda  4203-10  (2-18  GHz) 

3.  TWT 

Hughes  1177H07FOOO  (6.5  - 135. GHz) 

1177HKU-001  (12.4  - 18  GHz) 

4 . Antenna 

Systron-Donner  DBG-520-15  (8.2  - 12.4  GHz) 
DBF-520-15  (12.4  - 18  GHz) 

5.  Phase  Shifter 

Hewlett  Packard  X885A  (8.2  - 12.4  GHz) 

P885A  (12.4  - 18  GHz) 

6.  Hybrid 

Anaren  30060  (8.0  - 18  GHz) 

7 . Receiver 

Scientif ic-Atlanta  1741  w/  1830  Log/Lin  Display 


RADAR  CROSS  SE 


TYPE;  OIPOUE  MAT;  ALUM.  OVER  FIBERGLASS 
LGTH.;  0.66  IN.  MANF.;  TEST  STD. 

DIA.;  0.001  IN.  POL;  HOR.  DATE;  7-1-77 


Table  2 


FREQ. 

SPHERE  DfiTfl 

TEST  DPiTfl 

POHER  RRTIO 

DIPOLE  C.S. 

GHZ 

DB 

DB 

10E-5<Mt2> 

7.20 

25.30 

27.00 

0.68 

7.  23 

7.40 

28.  70 

22.  10 

0.72 

9.27 

7. 60 

26.40 

26. 50 

0. 88 

13.  97 

7. 30 

21 . 00 

1 9 . 60 

1.33 

21.67 

8.00 

21 . 30 

17.60 

2.34 

38.  45 

8.20 

22.50 

17.  10 

3.47 

60 . 68 

8.40 

23.00 

16.70 

4.27 

82.  33 

8.60 

27.00 

19.40 

5.75 

115.09 

. 80 

16.60 

9 . 60 

5.01 

105.25 

9.  00 

32.70 

26.  30 

4.37 

93.  41 

9.20 

28.40 

24.00 

2.75 

63.  90 

9.  40 

30.00 

27.00 

2.00 

43.29 

9.60 

32.  70 

30.  20 

1.78 

43.  75 

9.80 

32.60 

31.20 

1.38 

34.37 

10.00 

32.00 

31.60 

1 . 10 

27.41 

DIPOLE  LENGTH  : 0.66  INCHES 
DIPOLE  DIfiMETER:  0.081  INCHES 
fiZIMUTH  fiNGLE  : 168  DEGREES 
SPHERE  DIfl.  : 0.375  INCHES 
POLPlRIZflTION  : HORIZONTHL 
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